The covalent attachment of ubiquitin to acceptor lysines in a substrate ("ubiquitination") is a multistep process (Hershko and Ciechanover, 1998) that begins with Traditionally, it has been thought that virtually all subactivation of ubiquitin by E1 enzyme. Activated ubiquitin strates of the eukaryotic 26S proteasome must be ubiis transferred from E1 to a ubiquitin-conjugating enzyme quitinated as a prelude to their destruction. Only one (E2), which can transfer the ubiquitin to substrate either clear exception to this rule-ornithine decarboxylase by itself, or in cooperation with a ubiquitin ligase (E3 
, there are few examples in which the causal role of ubiquitination has been rigorously to the ubiquitin targeting hypothesis. The observations of Sheaff and colleagues now beg the question: how proven by systematic mutation of lysines. The clearest example is ␤-galactosidase that is engineered to be a many "unusual exceptions" exist? Two major lines of evidence buttress the view that most, if not all, proteins substrate for the N-end rule pathway (Gln-␤-gal). Gln-␤-gal is ubiquitinated on lysines 15 and 17, and is dramust be ubiquitinated before they can be degraded by the 26S proteasome. First, thermal inactivation of ts E1 matically stabilized by mutation of these lysines (Chau et al., 1989 (Bochtler et al., 2000) , forms hexameric rings that sandwich two stacked hexameric rings of Increased Selectivity. Assembly of a multiubiquitin chain is a discrete process interposed between subClpQ (HslV). ClpQ is an N-terminal hydrolase related to the proteolytically active ␤ subunits of the eukaryotic strate recognition and destruction that can be used as a timer to measure the rate of dissociation of substrates 20S core. The conserved "sensor and substrate discrimination" (SSD) domain of ClpY directly binds sequences from ubiquitination enzymes, much as GTP hydrolysis serves as a timer to enhance fidelity during translation within substrates that serve as degradation-targeting signals (Smith et al., 1999) . The structure of ClpY, howvia "kinetic proofreading." Moreover, the requirement for a multiubiquitin chain allows for additional fine-tunever, suggests that substrates may bind elsewhere on the molecule (Bochtler et al., 2000) . teins from multisubunit complexes may require stable, low off-rate interaction between substrate and the degProkaryotes and archaea contain multiple compartmentalized proteasome-like proteases and employ selective radation machinery. Energy expended in substrate ubiquitination may be harnessed to convert a dynamic proproteolysis as a regulatory strategy, but nevertheless they thrive without ubiquitin. Why did ubiquitination tein-protein interaction (substrate-E3) into a slowly dissociable interaction between ubiquitinated substrate achieve such a central role during the evolution of proteolytic pathways in eukaryotes? Below, we develop and 26S proteasome. This would allow the 19S ATPases ample time to unfold and translocate the substrate befour interrelated arguments: ubiquitin-mediated targeting (i) expands the range of substrates that can be fore it dissociates. In contrast, the off-rate for substrateATPase interaction in the Clp system may be too rapid to selectively degraded, (ii) enables greater flexibility in regulating proteolysis, (iii) increases the specificity of allow for efficient unfolding of multidomain polypeptide chains (which are more prevalent in eukaryotic cells), substrate targeting, and (iv) enhances the biochemical repertoire of the proteasome. 
